Introduction {#sec1-1}
============

There are few studies that describe neuroimaging \[Computed Tomography (CT) and Magnetic Resonance Imaging (MRI)\] and Electroencephalogram (EEG) data in children who present with new-onset seizures. The EEG is recommended as a part of the neurodiagnostic evaluation of the child with an apparent first unprovoked seizure.\[[@ref1][@ref2]\] The role of neuroimaging in children presenting with new-onset afebrile seizures/unprovoked seizure is not well defined.\[[@ref3][@ref4]\] Insufficient evidence is available to make a standard recommendation or guideline for the use of routine neuroimaging in children with first unprovoked seizure. In contrast, guidelines for obtaining neuroimaging in adult patients presenting with seizure have been published.\[[@ref3][@ref4]\] In a few studies that have reviewed the yield of neuroimaging in children with unprovoked seizure, the prevalence of abnormalities ranged from 0% to 21%.\[[@ref5]--[@ref7]\] Although there is ample investigation and data concerning initial management, treatment approaches, and outcomes in children with simple febrile seizures, there is somewhat less well-developed data on Complex Febrile Seizures (CFS).

Materials and Methods {#sec1-2}
=====================

The patients attending the Emergency, in-patient and out-patient Departments of Advanced Paediatrics Division of Sher-i-Kashmir Institute of Medical Sciences from November 2006 to November 2008, were enrolled for the study as per the criteria given. It was a prospective, stratified-randomized cohort study conducted on children in the age group of 6 months to 14 years having first-onset unprovoked seizures and CFS.

Children were excluded from the study if the seizure resulted from an acute situational etiology such as toxin, infection, or trauma. They were also excluded if they had a chronic neurologic illness limiting their activities of daily living, such as cerebral palsy, mental retardation, and pervasive development disorders, or had other abnormalities on neurologic examination or had simple febrile seizure.

The study was approved by the Institutional Review Board. Parents of the patients signed consent forms before participation. A detailed clinical and developmental history was taken and physical and neurological examination was carried out.

Blood samples of all subjects were drawn on admission and routine laboratory studies were performed. Complete blood counts, blood sugar, serum Na^+^, K^+^, calcium were analyzed in order to exclude possible metabolic disorder, and to identify a predominant seizure type and potential epilepsy syndrome. The International League Against Epilepsy classification was used to define seizure types.

An EEG was performed in all the subjects in the study, using 18-channel EEG machine (Model EE 18) from Recorder and Medicare System. A total of 22 electrodes were placed using children montage. EEG was performed within the first 48 hours of the first unprovoked epileptic seizure. The EEG was analyzed by a clinical neurologist from the Department of Neurology, SKIMS, Srinagar.

Computed tomography (CT) scan of head was performed in all the subjects on spiral CT (somatic-emotion from SIEMENS).

Cranial MRI was performed on patients who had focal findings in their EEGs and in those where CT findings needed further characterization. MRI was performed at 1.5 Tesla.

Neuroimaging CT/MRI reports were categorized as normal and abnormal.

Abnormal cranial CT was categorized into volumetric reduction of the cerebral hemispheres, focal hypodense lesions, white matter hypodensity and lissencephaly/polymicrogyria. Likewise, the abnormal MRI was classified into cortical lesions, white-matter lesions, encephalomalacia, enlarged lateral ventricles and volume loss, and miscellaneous group.

Data was recorded as percentages. The proportional differences were measured by Chi-square analysis and Fisher\'s exact test. All the inferences were drawn by using SPSS 15.0 and Minitab Statistical Packages.

Observations {#sec2-1}
------------

A prospective study was conducted, which included 276 subjects. Partial seizures were observed in 86/276 patients, generalized seizures in 116/276 patients, CFS in 64/276, and undetermined seizures in 10/276 \[Tables [1a](#T1){ref-type="table"}, [1b](#T2){ref-type="table"}, [Table 2](#T3){ref-type="table"}\].
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Type of seizure disorders as per gender of children
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The sample of patients constituted predominantly male in all seizures 162/276 (58.7%); 114/276 (41.3%) were female. Generalized seizure disorder was predominant in both genders. This disorder was present in 72/162 (58.7%) of males and 44/114 (38.6%) of females \[Tables [2](#T3){ref-type="table"} and [3](#T4){ref-type="table"}\].

###### 

Type of seizure disorders as per age of children
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Patients were divided into two groups on the basis of age. Group one was constituted by children aged 6 months to 6 years and included 100/276 (36.2%) patients. Group two was constituted by children \>6 years to 14 years old and included 176/276 (63.8%) patients. In the age group of 6 months to ≤6 years, 55/100 (55%) had CFS and 32/100 (32.0%) had generalized seizures. Among children \>6 years to 14 years old, partial seizure was seen in 78/176 (44.3%), generalized seizure in 84/176 (47.7%) and only 9/176 (5.1%) had CFS. The age distribution between the seizure types was statistically significant, with predominance of CFS in the age group of 6 months to \<6 years, and its least occurrence in \>6 years to 14 years old \[Tables [2](#T2){ref-type="table"} and [3](#T4){ref-type="table"}\].

EEG abnormalities were significantly low (*P* \< 0.05) among the patients with CFS. 10/64 (15.6%) patients with CFS had such abnormality \[[Table 4](#T5){ref-type="table"}\].

###### 

Electro encephalographic findings in studied subjects
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Sharp and spike waves, alone or the combination were common EEG findings. In partial seizures, sharp and spike waves were seen in 24/86 (27.9%) patients; sharp waves alone were seen in 19.8% patients and spike waves in 16.3% patients. Asymmetry with sharp waves and spikes was seen in 12.8% patients. In generalized seizures, sharp and spike waves were common, with 24.1% patients having them. Sharp waves alone were seen in 17.0%, and spikes alone were seen in 14.0% of patients. In CFS, asymmetry with sharp waves and spikes was the most common abnormality, seen in 10.9% of patients. In undetermined seizures, the asymmetry wave pattern was seen in 20% of patients, which is statistically significant in our study (*P* \< 0.000) \[[Table 5](#T6){ref-type="table"}\].
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Electro encephalographic findings in studied subjects
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CT abnormalities were observed in 27/276 (9.8%) patients. In partial seizure, 73/86 (84.9%) patients had normal imaging and 15.1% had abnormal imaging with volumetric reduction of cerebral hemisphere consistent with cerebral atrophy in 4/86 (4.7%) patients, focal hypodense lesions in 6/86 (7%) patients, white-matter hypodensity in 2/86 (2.3%) patients, and polymicrogyria in 1/86 (1.2%) patients. In case of generalized seizures \[116/276 (10.3%)\], a total of 12 children had CT abnormalities, where cerebral atrophy was seen in 6%, focal hypodense lesion in 0.9%, white-matter hypodensity in 2.6%, and polymicrogyria in 0.9%. In CFS, volumetric reduction of cerebral atrophy was seen in 1.6%, and there was white-matter hypodensity in 10% of patients in the undetermined seizure group. Overall cerebral atrophy was the most common finding in our study group comprising 12.3% of patients \[[Table 6](#T7){ref-type="table"}\].

###### 

Computed tomography findings in studied subjects
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In our study, a correlation between EEG and CT was made. CT abnormality was seen in 27/276 (9.8%) of patients and EEG abnormality was seen in 155/276 (56.2%) of patients. A total of 43.8% (121/276) of the patients with normal EEG had normal CT, while 1.6% (2/121) of the patients with normal EEG had abnormal CT scans. Out of the patients who had abnormal EEG 56.2% (155/276), CT scan abnormality was seen in 16.1% (25/155) and CT was normal in 83.9% (130/155) of the patients, which was statistically significant with *P* value \<0.000 \[Tables [7](#T8){ref-type="table"} and [8](#T9){ref-type="table"}\].
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Electroencephalogram and computed tomography findings in studied subjects
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Correlation of electroencephalogram with computed tomography
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In our study, MRI was done electively in patients in whom EEG was abnormal or CT needed confirmation. A total of 157 patients went for MRI, overall abnormal MRI was seen in 32 (20.4%), of which 17 (27.0%) patients had partial seizures, 13 (15.8%) patients had generalized seizures, 1 (10%) patient had CFS, and 1 (50%) patient had undetermined seizures. These observations were statistically insignificant. Out of the 17 patients with partial seizures who had abnormal MRI, 5 (9.8%) had volume loss, 4 (7.8%) had cortical lesions, 3 (5.9%) had white matter lesions, 2 (3.9%) had enlarged ventricles, and 1 (2%) had encephalomalacia. Out of the 13 patients with generalized seizure, 5 (8.6%) had cortical lesion, 2 (3.4%) each had volume loss, enlarged ventricles, and 1 (1.7%) each had white matter lesion and encephalomalacia. One patient with CFS had volume loss \[Tables [9](#T10){ref-type="table"} and [10](#T11){ref-type="table"}\].
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Magnetic resonance imaging findings in studied subjects
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Magnetic resonance imaging findings in studied subjects
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From our study, a correlation was drawn between EEG and MRI. Out of 155 patients with abnormal EEG, 30 (19.4%) had abnormal MRI. However, 2 patients with normal EEG also had an abnormal MRI. The accuracy of picking abnormality by MRI, when EEG is abnormal, is 24.8%, which was statistically significant in our study \[[Table 11](#T12){ref-type="table"}\].
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Correlation of Electroencephalogram with magnetic resonance imaging
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A correlation was seen between CT and MRI. All 27 patients with abnormal CT had abnormal MRI. However, 5 (3.8%) patients with normal CT also had abnormal MRI. Therefore, the accuracy of picking abnormality by MRI, when CT is normal, is 96.8% \[[Table 12](#T13){ref-type="table"}\].
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Correlation of computed tomography with magnetic resonance imaging
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Discussion {#sec1-3}
==========

We intended to estimate the prevalence of abnormal EEG and neuroimaging (CT/MRI) and, specifically, correlate between the EEG and neuroimaging. Also, the study intended to identify clinical variables (if any) that could predict which children were at high or low risk for abnormal neuroimaging.

In our study, EEG abnormality was found in 56.2% (155/276) of patients. Shinnar *et al*.\[[@ref8]\] found EEG abnormality to be present in 42% of patients. Overall, 71% of patients with partial seizures and 70.1% of patients with general seizures had abnormal EEG findings. These findings were consistent with similar observations made by Al-Sulaiman *et al*.\[[@ref9]\] and Doose *et al*.\[[@ref10]\] Similar observations were made by Baheti *et al*.,\[[@ref11]\] Jasons *et al*.\[[@ref12]\] Gilbert *et al*.,\[[@ref13]\] and King *et al*.\[[@ref14]\] The EEG abnormality of CFS group in our study was 15.6% (10/64). Similar observations were made by Charuta Joshi *et al*.\[[@ref15]\] and Maytal *et al*.\[[@ref16]\]

On analyzing individual abnormalities in EEG, our study observed that sharp wave and spikes (either alone or both) were the most common abnormality observed. Similar findings were observed by Doose *et al*.\[[@ref10]\] and Baheti *et al*.\[[@ref11]\] However, Homer *et al*.\[[@ref17]\] and Doescher *et al*.\[[@ref12]\] observed a focal slowing as the most common EEG abnormality.

Neuroimaging (CT/MRI) is a useful tool to determine the etiological diagnosis of seizure. An abundance of such literature pertaining to adult patients exists, some of which report a prevalence of CT abnormalities between 34% and 45%.\[[@ref2][@ref4]\] In our study, the prevalence of neuroimaging abnormality (CT/MRI) is 9.8-20.4% in children who presented with unprovoked first seizure. This drastic difference we describe underscores the need for different guidelines for the use of neuroimaging in children presenting with new-onset unprovoked seizures.

Few studies have reported the prevalence of abnormal neuroimaging in children with first unprovoked seizure. Landfish *et al*.\[[@ref18]\] reviewed 56 patients with new-onset seizure but a majority of patients were younger than 2 years, and the most common seizure type was febrile. Only 16 patients (29%) had new-onset afebrile seizures. A total of 25 neuroimaging studies were done (44% of patients), including 23 CT procedures and 2 MRI procedures, and all were normal, although it is unclear which patients had undergone neuroimaging. The authors recommended that CT or MRI should be reserved for children with a history of unprovoked focal seizures, abnormal finding on physical examination, or focal abnormalities on EEG.

Garvey *et al*.\[[@ref19]\] reviewed 99 children with new-onset seizures, excluding the patients with underlying neurologic disorders. Overall, 19% patients were found to have abnormal neuroimaging. McAbee *et al*.\[[@ref20]\] reported that one patient with CFS in their series (5%) had an abnormal CT scan. In a large pediatric study, Berg *et al*.\[[@ref21][@ref22]\] evaluated 613 children aged 1 months to 15 years with newly diagnosed epilepsy. Nearly 80% had neuroimaging done, and relevant lesions were found in 12.7% of these children. King *et al*.\[[@ref14]\] in a study of adults and children following a first seizure, found neuroimaging results indicating symptomatic lesions in nearly 14% of them. Sharma *et al*.\[[@ref4]\] showed normal neuroimaging results in 83%. Maytal *et al*.\[[@ref23]\] reported that in generalized seizures, 82.5% cases had normal CT scan and 17.5% had abnormal CT scan, whereas in partial seizures, 70.8% had normal imaging and abnormal CT was seen in 29.2%, thus showing overall abnormal CT scan in 21.2% of the patients.

The prevalence of abnormal neuroimaging in these studies was in the range of 0-24%. The proportion of children with febrile seizures was in the range of 17-71%. Children with febrile seizures (simple or complex) are at low risk of neuroimaging abnormalities. This finding was consistent with our study, in which CFS were present in 23.2% patients and abnormal neuroimaging was seen in 1.6% (1/64) patients.

Partial seizures are commonly associated with abnormal neuroimaging as compared to generalized seizures. A study conducted by Mcbee *et al*.\[[@ref20]\] on neuroimaging with first-onset seizures observed that the frequency of abnormal neuroimaging was higher in focal seizures than generalized seizures in neurologically normal children. Similarly, Bachman *et al*.\[[@ref24]\] also found higher frequency of CT abnormality in patients with partial seizures than generalized and psychomotor seizures. An analysis of our study demonstrated similar trends. We also found abnormal neuroimaging in 15.5% of patients with focal seizures as against 10% of patients with generalized seizures. The frequency of focal hypodense lesion on neuroimaging was much higher in focal seizures (7%) as compared to generalized seizure (0.9%). Overall, common neuroimaging abnormality, both in partial and generalized seizures, was volumetric reduction of cerebral hemisphere consistent with cerebral atrophy, as was shown by Simone *et al*.\[[@ref7]\] In our study, cerebral atrophy was found in 12.3% of patients, hypodense lesion in 7.9%, and polymicrogyria in 2.1% of patients. Although the slight increase in the cortical atrophy in our study was, possibly, due to inclusion of CFS patients.

Abnormal MRI results were present in 19.4% (30/157) patients. Abnormal MRI was found in 17 (27.0%) patients with partial seizures, 13 (15.8%) patients with generalized seizures, and 1 (10%) patients with CFS.

Doescher *et al*.,\[[@ref12]\] who conducted a study on a cohort of normal children with newly diagnosed seizures, found abnormal MRI in 32.6% of patients. We attributed this higher percentage to the fact that reporting of MRI in their study was done repeatedly by more than one examiner.

In our study, both EEG and MRI were abnormal in 32 (20.4%) patients. However, 125/155 (80.6%) patients who had abnormal EEG, did not show any abnormality on MRI. Two patients had abnormal MRI with normal EEG. So, the accuracy of picking up abnormality on MRI, when EEG is abnormal, is 19.1% by using Chi-square test, which is statistically significant.

Our study showed neuroimaging abnormality in 9.8-20.6% patients, with no patient requiring immediate surgical intervention. Similar observation was observed by Sharma *et al*.\[[@ref4]\] We explored EEG abnormalities and specific findings on the MRI. Although in this series the numbers are small, we found that normal EEG did not reliably predict a normal MRI. Because these studies were obtained at the time of first seizure, we are not aware if lesions on neuroimaging (CT/MRI) will predict recurrence of seizure in future. Follow-up is required for determining the significance of the abnormalities found on neuroimaging. Our study suggests a need for continual assessment of the role of neuroimaging in patients with first seizure. Our findings indicate that clinical examination and EEG results are good indicators for neuroimaging, and these can be used as one of the criteria for ordering neuroimaging in New-onset seizures, more so in partial seizure than generalized seizure.

This study provides valuable baseline data for a large cohort of children who can be followed up through their developmental maturation and seizure recurrence.

Additional evaluation through neuroimaging and EEG might demonstrate progressive change and allow retrospective risk analysis.

Summary and Conclusion {#sec1-4}
======================

Neuroimaging should be strongly considered in children having abnormal EEG, though the patients having normal EEG can be safely discharged without neuroimaging, if follow-up is assured.Abnormal EEG in partial seizures increases the risk of having abnormal neuroimaging. But normal EEG in partial seizures does not rule out having an abnormal neuroimaging.In case of generalized seizures, patients with abnormal EEG may have abnormal CT/MRI scans. But there are fewer possibilities of a patient with abnormal neuroimaging to have a normal EEG.When EEG is abnormal in first unprovoked seizure, the probability of having abnormal neuroimaging increases as compared to those cases where EEG is normal.A seizure in the setting of fever rarely indicates the presence of an unexpected lesion on neuroimaging.MRI has no advantages over CT scan in diagnosis of the first episode of CFS.

Our findings indicate that clinical examination and EEG results are good indicators for neuroimaging, and these can be used as one of the criteria for ordering neuroimaging in new-onset seizures, more so in partial seizure than generalized seizure.
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